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CEiaiCAL SHEAE STRESS OF LONG PLA^IES WITH TEANSVEBSE CUEVATUBE 
By S- B. Batdorfj Murry Schlldcrout, and Manuel Stein 


SUMMARY 


A theoretical solution ig Jresented for the huckling stress 
of long plates with transverse curvature loaided in shear- The 
results are given in the form of curves and formulas for plates 
with simply supported or clamped edges for a wide range of plate 
dimensions. Comparisons are made with theoretical solutions 
obtained in previous investigations.. 


INTRODUCTION 


The problem of determining the buckling stress of long plates 
with transverse cwvature subjected to shear has received limited 
trea-tont in .two previous- investigations. In a paper published 
in 1937 (reference l), Leggett presented soluticais for plates wi-tii 
simply supported edges and for plates with clamped edges. Nun^rical 
results, however, could be given only for plates of small curvatmre. 
In 1936 Kromm (reference 2) published a solution, which covered the 
complete curvature range but considered only simple support. The 
present paper treats plates with both simply supported and clamped 
edges over the complete curvature range. The. boundary conditions on 
median -surface displacement in Leggett’s analysis differ frcan those 
in Kromm 's analysis and .in' -toe present work. 

The various boundary conditions treated aore summarized in the 
following table; ... 
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Boundary conditions 


Displsnement 



Authors 

Axial 

Circum- 

ferential 

Radial 

Slope 

Moment 


• Edges singly supported 

I,eggett 

0 

0 

0 

Unrestrained 

0 

Kromm 

0 

Iftirestrained 

0„ 

Unrestrained 

0 

Present 

paper 

■ O ' 

Unrestfained 

0 

Unrestrained 

0 


Edges clamped 

Leggett 

0 

0 

0 

0 

Unrestrained 

Present 

jUnrestrained 

0 

' 0 

0 

Unrestrained 

paper 

1 0 , 

Unrestrained 

0 

i 

0 

Unrestrained 


These various aesuined ‘boundai^ conditions lead to different 
values for -Uie critical, stresses. The results found for the sets, 
of 'boundaa:y conditions given in the preceding table, are discwsed 
and coriipared in the following section. 


RESULTS AND DISCUSSION 


The critical shear stress for a long plate with transverse 
curvature is given by the eq,\xation - 

hgit^D 

- _ — _ 

b^t 

where 

b width of plate measured along arc 

t thickness of plate 
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flexural stiffness of plate per xtoit length 

young's modulus of elasticity 
critical -shear -stress coefficient 
critical shear stress ■ 

Poisson's ratio 



The critical-shear-stress coefficients k_ found "by tlie methods 

o 

of the present paper (see appendix) for plates wj.th 'both simply 
supported and clartped edges are given in tables 1 and 2 and are 
plotted in figure 1. Hie ordinate in tills figure is the critical- 
shear -stress coefficient^ and the abscissa is a curvature 
parameter Z which depends on the dimensions of the plate and 
on Poisson's ratio as follows; 



whore r is the radius of curvature of the plats'. 

As the curvature parameter Z becomes small and approaches 
zero, the vadue of the shear -stress coefficient for simply 

supported edges approaches the Imown value. for a flat plate of 
The two solutions given for plates witii clamped edges correspond 
to different boundary conditions on median-surface displacement, 
as indicated in figure 1. In the solution represented by the solid 
curve the value of* kg approaches fhe established, value for a flat 

plate (ks = 8.98) as Z approaches zero- In the solution 
represented by the dashed curve the value of ks as Z approaches 
zero is about 7 percent higher becatise of poor convergence. The 
solution leading to the solid cu3rve was so rapidly convergent that 
fourth -order determinants were found satisfactory. Tenth -order 
determinants were used to obtain the dashed curve, and the additional 
labor req.uired to obtain an acciuracy comparable to that of the solid 
curve was considered prohibitive. 

As Z Increases kg also increases and the curves approach 
the straight lines given by the following eq.ua tions. For plates 
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vltk Bimply supported edges, 

kg = 1.9Z^A 


For pletes with c lang ed edges (v unrestrained; u = 0 at edges), 

kg = 3*1^V^ (Hesult protahly somewhat high 
because of poor convergence) 


For plates with clamped edges (v = 0; u unres trained at edges), 

kg = 3*4 zV2 


These equations apply when Z > 20. 

In figure 2 the results of the present paper are compared with 
those given by Leggett (reference 1). Leggett's results for the 
critical stresses of plates with singly supported edges are 
considerably higher than those of the present paper (which presents 
results identical with those of Kromm) becaxise of the additional 
restraint imposed upon the pl^te in Leggett's , solution. For plates 
with clamped edges all solutions give apprcociitotely the sane resuLbs 
in the low curvature range to which Leggett 's' results are restricted. 


Langley Memorial Aeronautical Laboratory 

National Advieoi'y Committee for Aeronautics 
Lang-ley Field, Va., llsrch 20, 1947 
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appendix: 


Symbols 

b width of plate measured along arc 
m,n,J Integers 

r radius of curvature of plate 

t thickness of plate 


w 

X 

7 

D 

E 

Q 

Z 


displacement of point on median surface of plate In axial 
(x“) direction 

displacement of point on median surface of plate in 
circumferential (y-) direction 

displacement of point on median surface of plate in radial 
direction, positive outward 

axial coordinate of plate 

circumferential coordinate of plate 

flexural stiffness of plate per unit length 




Et3 


12(1 - 


Yoitng's modulus of elasticity 
mathematical operator 
curvature parameter /i! ,/— ,2 


l/l - .2 or (if I ^ 


“ 


®n,^ coefficients of deflection functions 


crltlcal-shear-stress coefficient appearing In formula 

T 


cr 




•b-^t 




(n2 + p2)‘ 


12Z%^ 
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Vjjj, Wjjj^ '4e»fleotion functions 




\ half mve length of huckles in axial direction 
|i Poisson's ratio 


T ' critical shear stress 
'or . 


f- 

i; 

t ^ » 


= inverse of V , defined hy V*^(''^w) = = v 


Theoretical Solution 

Equation of ea^^ilibrl^m . - The critical shear stress at which 
■buckling of a long plate ■with transverse ciirvature occurs may be, 
ob’fcained by solving the following equation of equilibri'um, 
(ref©rence-3-)t ' ' -i-; ■ -s : : ■ 


D V^w + ^ t 


ax" 


■■ •-! 

ax ay 


( 1 ) 


Division of equation (l) by -D gi-yes -the equation 


4 i2z^ -4 a^ 

Vw + — • — " — 

b 


r? - jf. pv JlE _ .‘n 

. ax“ ^ '■2 


b ax ay ^ 


. ( 2 ) 


where the dimensionless parameters Z and k are ..defined by 


Z .if 

rt . ■ - . 
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T 


and 


T tTj2 

cr 


Dit'^ 


Equation (2) can "be reporesented ty 

Qw * 0 


(3) 


■where Q Is defined as "the opera-tor 


^ ^ * ov ”? Jt- 

^ ^ ax'* = ax ay 


Me-thod of solution . - Equation (3 ) saay he solved hy "the 
Galerkin laethod, ■which Is outlined In reference 4. In ■the application 
of -this method -the displacement v Is expressed In terms of a 
suitable series expansion as foUc«rs; 


V 


t 

m=l 


5 

m=l 




In equation (4) each of tlie functions T^, ••• ^1^ 

Ngy . . • Wj must satisfy -the houadary conditions dn w hut need not 
satisfy the equation of equilihritaa. The coefficients and hjj^ 
are determined hy -the equatioris •• , 



^n% ^ ^ = 0 




C5) 


■where n = 1, 2, 3, ■... 

« 

The boundary conditions considered in -the ijresent paper are 
as follows: for pla-tes wl-th s imply -suppor -bed edges, 

■w = — ~ = u = 0 and t is unrestrained; for plates tfl-th 
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clamped edges, v 

, 8w 

and V «= — = u = 

Sy 


8w 

0 and 


V = 
T 


0 and u is unrestrained (case l) 
is unrestrained (case II ). 


Solution for nlates vltdi simply sunnorted edges .- Ihe following 
infinite series expansion represents the displacement w of curved 
plates with simply supported edges: 

. itx ‘ ffljry ■ nx ^ ^ W 
w = sin — ? a„ sin + cos — tu sin (6) 


where X is the half wave length of the huckles in the axial 
di2?ection. Equation (6) satisfies the conditions on w for 
simple support and ^en Introduced into equation (5) implies that the 
axial displacement u is equal to 0 and the circumferential 
displacement v is unrestrained at the edges (seo reference 3)* 
Equation (6) is equivalent to equation (4) if 


Vn = sin — sin 
^ X 

Wjj = COS sin 


nny 

h 


nity 

h 


? (T) 


where n = 1, 2, 3^ ' • • • 

\ 

Suhstltution of expressions (6) and (7). into equations (5) and 
integration i^etween the limits indicated give 




/2 ‘ 22 13^2 




mn 


.8 pk, 

Tf m T ^ 11^ _ rr 2 

« m=l n ■" m 




/ 2 ■ 12 3V 1 ■ ■> mn ^ 

\^n^ + 3 ; + -Y/“2 ~r~ ^ ®'m ~ 2 — ~2 “ ® 

^n^ + 3v J ^ ia=l TT ~ vT j 

% 

where n = 1, 2, 3, ... and m t n is odd. 


> (8) 
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* 


Equations (8) have a solution in which the coefficients a^ 
and the coefficients hj^ are not all zero (that is, the plate has 
huckled) only if the following determinant vanishes: 



^1 

^2 

^3 


a5 

®6 

... bj. 

^2 

^3 

^4 


^6 

• • * 

nsl 


0 

0 

0 

0 

0 

... 0 

1 ° 

4 

15 

0 

6 

35 

• • • 

n=2 

0 

s 

0 

0 

0 

0 

2 

• • • ^ 

3 

0 1 

0 

10 

21 

0 

• • • 


0 

0 

^3 

0 

0 

0 

... 0 

-6 0 
5 

12 

7 

0 

a 

3 


n=4 

0 

0 

0 


0 

0 

4 

If 

0 

0 

20 

9. 

0 

• • • 

ns5 

0 

0 

0 

0 

if5 

0 

• • • 0 ■ 

^10 0 
21 

_g0 

9 

0 

30 

n 

• • • 

ns6 

• 

• 

0 

« 

• 

0 

4 

« 

0 

• 

• 

0 

« 

• 

0 

• 

» 

6 

• • • •“ 

35 

• 

0 -2- 
3 

• ■ 

0 

• 

» 

30 

11 

• 

• 

0 ; 

• 

* • • 

« 

n=l 

« 

0 

• 

3 

• 

0 

• 

k 

15 

• 

0 ■ 

• 

35 

• V 

••• 1^1 

■0 

» 

0 

• 

0 

• 

0 

e 

0 

t • • 

n=2 

a 

3 ■ 

0 

6 

5 

0 

10 

21 

0 

... 0 

° 

0 

0 

0 

• » » 

n=3 

0 

6 

5 

0 

12 

7 

0 

2 

3 

... 0 

° 

0 

0 

0 

• • a 

n=4 

h 

15 

0 

12 

7 

0 

20 

9 

0 

... 0 

0 

.0 

^4 

0 

0 

eta 

n«5 ■ 

0 

10 

21 

0 

20 

9 

0 

_30 

11 

... 0 

0 

0 

,0 


0 

a • • 

n=6- 

• 

6 

35 

• 

• 

0 

• 

t 

2 

3 

• 

• 

0 

• 

• 

30 

11 

t 

• 

0 

• 

• 

... 0 

• 

• 

0 

• 

• 

0 

• 

• 

0 

• 

• 

0 

• 

0 

F"6 

e 

» 

« 

• • a 
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vhore 



By a rearrangement of rows and columns the infinite deteimiinaat 
can "be factored into two Infinite Butdeterrainants which have the same ‘ 
expansion and aare therefore equivalent. 


i 

®1. 

hg 



^5 

^6 • • * 

^1 

®2 


^4 

^>5 

0 

• • • 

n=l 


f- ° 

4 

15 

0 

6 _ . 

• • • 

35 

0 

0 

0 

0 

0 

0 


h=S 

3 


"5 

0 

.10.; 

21 

0 ... 

0 

0 

0 

1 

0 

0 

0 

• « • 

n=3 

0 ■ 

5 

’■ 

7 

0 

.2 

• 

3 

0 

0 

0 

0 

0 

0 

a • • 

n=4 

4_ 

15 

■ 0 ^ 

fe^4 

,20 

'9 

0 • « • 

0 

0 

'0 

0 

0 

0 

• • » 

n=5' 

• -0 

.10 

,0 

21 

-20 

? 


30 

' • • • 

11 

0 

0 

0 

_0 

0 

0 

” * *v 

n=6 

• i 

• 

6 _ 

, 

« 

• 

0 — 

• 3 

• • 

. 0 

• 

• 

'20 

11 

« 

t 

... 

kg 6 

% 

0 

\ 

• 

p 

0 0 

• • 

0 0 

0 

• 

0 

• 

• • • 

• 

n=l 

• 

■ 0 

• • 

0 0 

• 

0 

0 

0 ... 

• 

-2 

3 

• • 

0 

15 

0 

• 

-A 

35 

• • • 

n=2 

0 

0 

0 

0 

0 

0 ... 

_2 

3 


0 

•5 

10 

21 

0 

* • t 

n=3 

0 

0 

0 

0 

0 

0 ... 

0 

-5 

i-M 

3 7 

0 

_2 

'3 

• • « 

n=4 

0 

0 

0 

0 

0 

0 ... 

3 _ 

15 

0 

- 1 ^ jL-M 
7 ^ 

9 

. 0 

« a • 

n=5 

0 

0 

0 

0 

0 

0 .... 

0 

10 

21 

0 ^ 
9 

ks 

.^■0 

n. 

♦ « • 

n=6 

0 

0 

0 

0 ^ 

0 , 

0 ... 

X, 

35 

0 

1 ^ 

.20 

11 


• • • 




( 10 ) 
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The expansion of equation (lO) may he approximated . hy finite 
subdetenolnants . The first approximate expansion of eqmticn (lO) 
which will yield a value for kg is obtained from a second-order 
determinant taken from, oither factor. Thus, 



( 11 ) 


The second approximation, obtained fTcan. a -third -order determinant, 
is given by , 



Ml^^3 




( 12 ) 


The -third approximation, ob-tained from a four-th -order determinant, 
is given by . .. 



Each of -these equations shows -that for a selected value of -the 
curvature parameter Z the critical s-tress of long curved plates 
depends upon -the -wave length. Since a st3?uoture buckles at -the 
lowest stress at -which instability can occur, kg is minimlzod 

with respect -bo -the -wave leng-th by substituting values of p into 
equations (ll), (12), or (13) until the minimum value of kg 
can be obtained from a plot of kg against 3. Table 1 shows -the 
convergence of the various approximations for kg. The results are 
also shown graphically in figure 1. 

Solution fca: plates -wl-bh clamped edges (case. I) . - A procedure 
similar to -that for pla-tes -wl-th simply suppor-bed edges is followed for 
pla-bes wi-th cla m ped edges. Solutions are given for two types of 
clamped -edge support corresponding -to -two sets of boundary conditions. 
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^0 deflection function for case I 


•«r = sin 


CO 

JOC V" 


(m - l)jry (m + l)jiy 

COB ' COG ' ^ 


JOC 'v" . 

+ coe -r- / 

>■ fet . “ 


C08 


(m “ l)«y 


- COS 


(m + l)?ry 


(14) 


satisfies the ccndltlcais on rsidial displacement w and implies 
that at the edges the axial displacement xl Is unrestrained and the 
circumferential displac^nent v is zaro (see reference 3). 
Ccaaparlson of equation (l4) with equation (4) shows that 


T„ =. Tcos JiLJllW . eos 

" L h h 

W * cos ~ r cos - cos i?— i-ilSZ 

1 L b b 


> (15) 




Nhen operations equivalent to those carried out for a plate 
with simply supported edges' are performed, the following simultaneous 
eqmtions result; 



^ 

JCU4- Xi -u 


ai(a^ + 1 ^) - 03 }^ + 3Cg 



r (m + 1)^ „ (m - 1)^ 




. 1 ). **^^11 + 1 )^ • ^ 1 - fm - 1 )^ - 4 


= 0 


'Far n = 2 
®e(“i ■*■ 


ta=J 


{m - 1)‘ 


(m - X)^ „ (m +1)^ , (P; + 1)' 


[;3 “ 1)2 - 1 (m - 1)2 - 9 (m + 1)2 - 1 (m + l)^ - 9J 

Far D. o ' * • 

ar,/K_. + “ SnA-l " 




2 . 


(m.- 1)^. 


(m + l)*^ 


. (11 + 1) 


2 


■ “s ^ -m ^ . (ii . 1)2 > 1)2 . (11 + 1)2 (m + i)'^ - (n - i)2 (m + i)2 - (n + 1 )^ 

vher© m + n i« eddl 


«=> 0 


^ _ n 
JJkM^ lA “ J. 


>(16 


_,T 


(4 + l)*" 


. (m " 1)*^ 

. ^th j. 1 >2 » k - f ^2 „ k 

—-i 


Far n » 2 

/-_ -. \ 


. ... ... ... . ^ 


‘ L ^ \f’M ^ ^ b. ftn - T 1*- - a I 

^ U\"‘ ' ■ 

(m “ 1)2 ■ _ (m - 1)2 _ (m + 1)2 (m + l)^ 

(m “1)2 “1 tm - 1)2 - .9 (m + 1)2 - 1 (m + 1)2 - 9 


For n, = 3, 4, . » . 

■*■ ^+ 1 ") " ^n“2^~l *" 

" (m “ 1)2 


' \ — 

to 


y 


- k_ / a_ 
» ‘ ~ Jta 
itt=l 


(m - 1)2 


(ia -M)2 ' ' ■ (m + 1)2 1 

-r 5 . + r n\ “ ° 


(m “ 1)2 - (n - i)2 (m - 1)2 - (n + 1)2 (u;.4- 1 ) 2 ^ > (n - 1)^ (m + .!)■= - (n + l)tl 


■wiiere m + a is odd 


J 


G 
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and where 


Ma 


jr 

8(3 






35Z^p^ 


+ ( 32 ^^ 


The infinite determinant formed "by eguatlons (l6) can he 
rearranged so as to factor into txro mutually eq.uivalent infinite 
suhdetemainants as in the solution for long curved plates with 
sii^ly supported edges. • The vanishing of the first of these factors 
is expressed hy the foUowiiig eqxiatloin; 



®-l 

^2 

^3 



^6 

n=l 


32 

15 


__64 

105 

0 

_J2 

"315 

n=2 

■ ^ 
15 


.m 

■ 105 

t “3 

35 

0 

n =3 

-h 

kg 2 

-352 

105 


1472 

315 


•1155 

n =4 

j 

_64 


■ 1472 j 


, 4 l 6 o 


’105 

kg 3 

315 ^ 


.. 693 

5 

n= 5 | 

1 

■ i 

0 



4 l 6 o 


, 94^+0 


35 ' ■ 

ks-,^ ■ 

693 

ks\ 

22 ^ 

! 

n !=6 

-J?. 

315 

0 

' -i 3 li 
■ 1155 

kg 5 

9 kk 0 

1287 




(17) 


The first approximation, obtained from, the second -order 
determinant, is given hy 

” (i)^K “a) (,“1 * “ 3 ) 


(18) 
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The second approximation, obtained trm. the third -oilier determinant, 
is given by 


( 

■ - 

Ml + M3) [(2Mq + ^) (m2 + Mi^^ 

) - 

2' 

\15/ 

+ ( 




(19) 


The third approximation, obtained from the fomrfch -order determinant, 
is given by 



These equations were used for values of Z between 0 and 30* 

As Z increases, the first term of the determinant becomes 
unimportant, and for Z = 10^ equations similar to eq.uations (l8) 
to (20) and containing the b2, a^, bj^^, and a^ terms were lised. 

For Z = 10^ and Z « 10^ the second term of the determinant also 
becomes \mimportant, and equations similar to equations (l8) to (20) 
but including the a^, bj^, a^, and bg terms were used. Each of 

these equations may be solved ,in the same manner as in the problem 
of curved plates with simply supported edges - that is, by 
substituting values of p into the equation for each value of Z 
until the minimum value of kg is obtained from a plot of 3 

against the corresponding values of kg. Table 2 shows the convergence 
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of -tihe TarlouiS Approximations for kg. Kie results are shovn 
graphically in figure 1. 


Solution for plates vith clamped edges (case II) . - Another 
deflection function for a plate vith. clamped edges (case II ) is 


w = sin 


itx 

X 


mal ‘ 


_m 'b 


rtX Y" . 
+ cos — / 

^ msl 


1 . maty 
- sin — " 
m h 


m + 2 

- __L 

m + 2 


Bln 


(m + 2)rty 
h , _ 


sin 


( m + 2)rty 
h 


f ‘ 


( 21 ) 


This series satisfies the conditions on ' v and in addition iD^lies 
that u is 0 and v is unrestsrained at the edges (see fefprence 3). 
Comparison of e4uation ( 21 ) with e(iuation (4) shows that in case II 


Vn “ sin f 


i'8ln!S:. ..-i- 

h n +. 2 


Lh 


Wjj = cos 


Jtx 


X L,n 


1. — L 


■fa. . n + 2 


sin 


sin 


. (n -t- 2)aty 


(n + 2~)?ry 
T?. - 


-1 ^ 


• > 


( 22 ) 


where n = 1,2,3, ... 

When operations equivalent to tlioee carried out for the case 
of simply supported edges are performed, the following simultaneous 
equations result: 



For n = 1 
a 


N 


For n = 2 


'?“3 


1 - (m + e)^ 9 —' n? ' 9 (la + 


f ’'rnTrS-— 7- 

^V|. 16/ l6 m=l,3 4 - (m + 


2)2 i6-d^ .i6Mm + 2)^J 


= 0 


= 0 


For n = • 

-^1^- 

^2 in ^2)2) n2 


“n42 


M 


- k. 


CO p' 


(n + 2)2 

1 1 


■ 1 _2 _2 _ /■», , o^2 /v. j. p\2 * tt^ 4- 2^2 - fn + 2^2 

Ut=X L-I1~ ~ ±1 “ VUl T fc./ / — \~- ■ —f , r . 


where m + n Is odcL 


For n = 1 


{ ' b, „ 

I M- ^ ^ \ ^ ^ M 


00 




1 


^ 9 j 9^ ^ ^ “ _1 - n? 1 - (m + 2)^ 9 - n? ^ 9 - (m-:+ 2)2j 


= o 


For n = 2 „ 

. 5|.\ . ,_ V „ . . 

Hu ^ l6 j 16 ''^"^”'® nii;3 |_4 - m2 4 - (m + 2)2 l6 - n? l6 - (m + 2)2J 
For n =: 3,^, ••• '• ■ . ' " . . 

°\i2 "* (n + 2 ) 2 j n2 ' -'2 


= 0 




m=l 




(n + 2)2 
1 


|_n2 - I? - {m + 2)2 (n 


-Jt + ; ;,..V- ,x‘^-.. J. ='Q; ! 

+ 2)2 - II? ' (xx ■+ 2)2- - (m + 2)y 


?(23) 


■vrtiere m + n Is o4d 


; 


h-* 

-a 


Sij£T • os. ® TOVil 
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and vh&re 


The infinite determinant formed ty equations (23) can Tjo > 
rearranged so as to factor' Into two mutually equivalent Infinite 
sutdeterminants The vaniahing of either of these factors leads to 
a relation hetwe'en kg, P, and Z. I^om this relaticai the value 

of kg is found for a given value of Z hy minimi ziiig kg witli 

respect to p* Because the solution is slowly convergent, tenth- 
order determinants were vised. These determinants were evaluated 
by the Grout m-^od (reference 5) for assxmied values of kg and p. 

For given values of p,. corresponding values of kg 'which caused 
the determinants to vaaiish were found. The critical value of kg 
is the minimum value of ■ kg found from a plot of kg against’ the 
corresponding values of p. Table 2 presents the theoretical values 
of kg obtained by solviixg determinants of different order. The 
results are shown graphically by the dashed curve in figure 1. 
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TABLE 1 

!IBE 0 EETICAL SHEAE -STRESS COEmCIENTS AND EATEO OF WUXIH OF 
ELATE TO HALF WAVE LENGHH OF BUCKLE FOR LONG PLATES WITH 
TOAiraVERSEi GURVATDEE WITH SIMPLY ST 3 PP 0 ETED EDGES 


z 

First 

roximaticai 

Second approximation 

Thiiil approximation 


' k 

fl 

P 

^8 

3 


3 


5-60 

0.77 

. 5-34 

0.80 




■ 5-65 

.70 

5 r 38 

.80 



2 

5.68 

.78 

5-42 

.80 



5 

6 ,o 4 - . 

.72 

5-76 

• .76 . 



10 

7 «o 6 

.58 

6.72 

.65 



30 

11.16 

•33 

10.66 

.■35 



100 

20.02 

•17 

19.20 

.18 ■ 



300 

34.3 

.20 

33.0 

.098 



1,000 

62.6b 

.054 

60.15 

.055 

60.02 

0.055 

10,000 

198.5 

.017 

190.0 

.018 

189.7 

.018 

100,000 

626.0 

.005 

601.2 

.006 
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TABIE 2 

OEEOEETICAL SHEAR -SOEESS CGEEFICIEHTS AND RATIO OF WIDTH OF 
PLATE TO HALF WAVE LENGTH OF BUCKLE FOR LONG PIAKS 
WITH TRANSVERSE CURVATDRE WITH CLAMHED EDGES 


z 

Tj 

First approximtion 

Second approximation 

Third approximation 

^s 



P 


P 

Case I (u, unrestrained; v = 0 at edges) 

0 

1 

2 

5 

10 

30 

100 

1,000 

100,000 

9-55 
. 9-59 
9-70 
10.46 

12.69 

28.23 

44 . 1<2 

125.8 

1280 

1.18 

1.19 
1.19 
1.25 

1.38 

1.82 

.22 

.41 

.013 

9-31 

9-34 

9-43 

10.00 

11.49 

18.44 

34.3 

110.7 

1112.8 

1.21 

1.23 

1.23 

1.29 

1.41 

1.62 

1.36 

.56 

.017 

9.09 

1.21 







18.10 

1.66 

110.7 

1112.6 

.56 

.017 

z 

Fcjurth -order 
determinant 

Eighth -order 
determinant 

Tenth -order 
determinant 

k 

8 


k 

e 

1 

P 

^s ' 

P 

Case II (u = 0 ; v, unrestrained at edges) 

0 

30 

100 

10,000 

10.44 

1.29 

9.82 

16.99 

30.43 

308.2 

1.28 

1.31 

1.08 

.118 

9.66 

1.25 

33.53 

336.6 

1.28 

.126 



303.3 

.114 
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Figure 1.- Crltical-shear-stress coefficients for long plates with 
t-TQ-nsrtnaTRp rMir^ratnrp ha-nincr Rimnlv Simoorted Or clamDed edcreS. 







Figure 2.- Comparison of present solution with Leggett’s results. 
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